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PROCESS FOR MANUFACTURING AN
LED-BASED EMISSIVE DISPLAY DEVICE

[0001] The present patent application claims the priority
benefit of French patent application FR17/54045 which is
herein incorporated by reference.

BACKGROUND

[0002] The present application concerns the forming of an
emissive image display device comprising light-emitting
diodes (LEDs), for example, a screen for a television, a
computer, a smart phone, a tablet, etc.

DISCUSSION OF THE RELATED ART

[0003] A method of manufacturing an image display
device comprising a plurality of elementary electronic
microchips arranged in an array on a same transfer substrate
has already been provided, in French patent application No.
1561421 filed on Nov. 26, 2015. According to this method,
the microchips and the transfer substrate are manufactured
separately. Each microchip comprises a stack of a LED and
of a circuit for controlling the LED. The control circuit
comprises a connection surface opposite to the LED, com-
prising a plurality of electric connection areas intended to be
connected to the transfer substrate for the control of the
microchip. The transfer substrate comprises a connection
surface comprising, for each microchip, a plurality of elec-
tric connection areas intended to be respectively connected
to the electric connection areas of the microchip. The chips
are then placed on the transfer substrate, with their connec-
tion surfaces facing the connection surface of the transfer
substrate, and affixed to the transfer substrate to connect the
electric connection areas of each microchip to the corre-
sponding electric connection areas of the transfer substrate.
[0004] It would be desirable to be able to at least partly
improve certain aspects of this method.

[0005] In particular, due to the relatively small dimensions
of the microchips, and given that each microchip comprises
a plurality of separate electric connection areas, the align-
ment of the electric connection areas of the microchips with
the corresponding electric connection areas of the transfer
substrate is relatively difficult to achieve. It would be
desirable to ease the implementation of such an alignment
and/or to improve the obtained alignment accuracy.

SUMMARY

[0006] Thus, an embodiment provides an electronic device
manufacturing method, comprising the steps of:
[0007] a) forming a plurality of chips, each comprising:
[0008] a plurality of electric connection areas arranged
on a connection surface of the chip, and
[0009] at least one first pad arranged in the vicinity of
the chip connection surface;

[0010] b) forming a transfer substrate comprising, for each
chip:
[0011] a plurality of electric connection areas arranged

on a connection surface of the transfer substrate, and

[0012] at least one second pad arranged in the vicinity
of the connection surface of the transfer substrate, one
of the first and second pads being a permanent magnet
and the other one of the first and second pads being
either a permanent magnet or made of a ferromagnetic
material; and
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[0013] c¢) affixing the chips to the transfer substrate by
direct bonding to electrically connect the electric connection
areas of each chip to the corresponding electric connection
areas of the transfer substrate, by using the magnetic force
between the first and second pads to align the electric
connection areas of the chips with the corresponding electric
connection areas of the transfer substrate.

[0014] According to an embodiment, in each chip, the first
pad emerges on the side of the connection surface of the
microchip.

[0015] According to an embodiment, in each chip, the first
pad is buried under the connection surface of the chip.
[0016] According to an embodiment, in each chip, the
connection surface of the chip is planar, the electric con-
nection areas of the chip being flush with an external surface
of a passivation layer of the chip.

[0017] According to an embodiment, the second pads
emerge on the side of the connection surface of the transfer
substrate.

[0018] According to an embodiment, the second pads are
buried under the connection surface of the transfer substrate.
[0019] According to an embodiment, the connection sur-
face of the transfer substrate is planar, the electric connec-
tion areas of the transfer substrate being flush with an
external surface of a passivation layer of the transfer sub-
strate.

[0020] According to an embodiment, the electric connec-
tion areas of the transfer substrate protrude from the con-
nection surface of the transfer substrate.

[0021] According to an embodiment:

[0022] at the end of step a), the chips are arranged on a
support substrate with a pitch between chips smaller than the
pitch between chips of the final display device; and
[0023] at step c), a plurality of chips are selectively
separated from the support substrate at the pitch of the final
display device and affixed to the transfer substrate at this
same pitch.

[0024] According to an embodiment:

[0025] at the end of step a), the chips are only laid, with
no bonding, on the support substrate; and

[0026] at step c), the transfer substrate is brought above
the chips, with its connection surface facing the connection
surfaces of the chips, to simultaneously collect a plurality of
chips at the pitch of the final display device.

[0027] According to an embodiment, the support substrate
comprises cavities having the chips arranged therein so that
the chips are laterally maintained by the cavity walls.
[0028] According to an embodiment, the bottom of each
cavity of the support substrate is non-planar.

[0029] According to an embodiment, each chip comprises
a stack of a LED and of an active circuit for controlling the
LED.

[0030] Another embodiment provides an emissive display
device comprising LEDs formed by a method such as
defined hereabove.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The foregoing and other features and advantages
will be discussed in detail in the following non-limiting
description of specific embodiments in connection with the
accompanying drawings, in which:

[0032] FIG. 1 is a cross-section view schematically and
partially illustrating a step of transferring a microchip onto
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a transfer substrate, according to an example of a method of
manufacturing an emissive display device comprising
LEDs;

[0033] FIG. 2 is a cross-section view schematically and
partially illustrating a step of transferring a microchip onto
a transfer substrate, according to an embodiment of a
method of manufacturing an emissive display device com-
prising LEDs;

[0034] FIG. 3 is a cross-section view schematically and
partially illustrating a step of transferring a microchip onto
a transfer substrate, according to another embodiment of a
method of manufacturing an emissive display device com-
prising LEDs;

[0035] FIG. 4 is a cross-section view schematically and
partially illustrating a step of transferring a microchip onto
a transfer substrate, according to another embodiment of a
method of manufacturing an emissive display device com-
prising LEDs;

[0036] FIGS. 5A, 5B, and 5C are cross-section views
illustrating steps of an embodiment of a method of manu-
facturing an emissive display device comprising LEDs;
[0037] FIG. 6 is a cross-section view illustrating an alter-
native implementation of the method of FIGS. 5A to 5C;
[0038] FIGS. 7A, 7B, 7C, and 7D are cross-section views
illustrating steps of another embodiment of a method of
manufacturing an emissive display device comprising
LEDs;

[0039] FIGS. 8A, 8B, 8C, and 8D are cross-section views
illustrating steps of another embodiment of a method of
manufacturing an emissive display device comprising
LEDs;

[0040] FIG. 9 is a cross-section view illustrating an alter-
native implementation of the method of FIGS. 8 Ato 8D; and
[0041] FIGS. 10A, 10B, 10C, 10D, and 10E are cross-
section views illustrating steps of an example of a method of
manufacturing a microchip of an emissive display device
comprising LEDs according to an embodiment.

DETAILED DESCRIPTION

[0042] The same elements have been designated with the
same reference numerals in the various drawings and, fur-
ther, the various drawings are not to scale. For clarity, only
those steps and elements which are useful to the understand-
ing of the described embodiments have been shown and are
detailed. In particular, the manufacturing of the elementary
microchips and of the transfer substrate of the described
display devices has not been detailed, the manufacturing of
these elements being within the abilities of those skilled in
the art based on the teachings of the present description. As
an example, the elementary microchips and the transfer
substrate may be manufacturing according to methods iden-
tical or similar to those described in the above-mentioned
French patent application No. 1561421, which is herein
incorporated by reference as authorized by law. In the
following description, when reference is made to terms
qualifying absolute positions, such as terms “front”, “rear”,
“top”, “bottom”, “left”, “right”, etc., or relative positions,
such as terms “above”, “under”, “upper”, “lower”, etc., or to
terms qualifying directions, such as terms “horizontal”,
“vertical”, etc., it is referred to the orientation of the draw-
ings, it being understood that, in practice, the described
devices may be oriented differently. The terms “approxi-

mately”, “substantially”, and “in the order of” are used

Sep. 24, 2020

herein to designate a tolerance of plus or minus 10%,
preferably of plus or minus 5%, of the value in question.
[0043] FIG. 1 is a cross-section view schematically and
partially illustrating a step of transferring a microchip 100
onto a transfer substrate 150, according to an example of a
method of manufacturing an emissive display device com-
prising LED:s.

[0044] FIG. 1 more particularly shows microchip 100 and
transfer substrate 150 before the actual step of affixing the
microchip onto the transfer substrate.

[0045] In particular, a display device may comprise a
plurality of identical or similar elementary chips 100
assembled on a same transfer substrate according to a layout
in an array of rows and columns, the chips being connected
to elements of electric connection of the substrate for the
control thereof, and each microchip for example correspond-
ing to a pixel of the display device.

[0046] Microchip 100 comprises, in an upper portion, an
inorganic semiconductor LED 110 and, in a lower portion
forming one piece with the upper portion, an active control
circuit 120 based on single-crystal silicon, capable of con-
trolling the emission of light by the LED.

[0047] LED 110 comprises at least one homojunction or
one heterojunction, for example, a PN junction formed of a
stack of an upper N-type semiconductor layer 112 and of a
lower P-type semiconductor layer 114, and two electric
contacts 116 and 118 (respectively in contact with layer 112
and with layer 114 in the shown example) to inject an
electric current through the stack, in order to generate light.
As an example, LED 110 is a gallium nitride LED or is based
on any other I1I-V semiconductor capable of forming a LED.
[0048] Control circuit 120 is formed inside and on top of
a single-crystal silicon block 121 and comprises electronic
components, and particularly one or plurality of transistors
and at least one capacitive element for holding a bias signal,
for the individual control of LED 110. The upper surface of
control circuit 120 is mechanically and electrically in con-
tact with LED 110. The lower surface of circuit 120, defining
a connection surface of the microchip, comprises a plurality
of electric connection areas intended to be connected to
corresponding connection areas of transfer substrate 150 for
the control of the microchip. In the shown example, the
lower surface of circuit 120 comprises four electric connec-
tion areas 125, 126, 127, and 128. Areas 125 and 126 are
intended to respectively receive a low power supply poten-
tial (for example, the ground) Vn and a high power supply
potential (that is, higher than the low power supply poten-
tial) Vp of the microchip. Areas 127 and 128 are intended to
receive microchip control signals. More particularly, area
127 is intended to receive a microchip selection signal Vsel,
and area 128 is intended to receive a signal Vdata for setting
the luminosity level of the microchip. Connection areas 125,
126, 127, and 128 are for example made of metal, for
example, of copper, of gold, or of titanium. In the present
example, control circuit 120 comprises two MOS transistors
122 and 123 and one capacitive element 124, for example,
a capacitor. Transistor 122, for example, a P-channel tran-
sistor, has a first conduction node (source or drain) con-
nected to the connection area 126 (Vp) of the microchip, a
second conduction node (drain or source) connected to the
anode contact terminal 118 of LED 110, and a control node
(gate) connected to an intermediate node al of circuit 120.
Capacitive element 124 has a first electrode connected to
node al and a second electrode connected to the microchip
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connection area 126 (Vp). Transistor 123, for example, an
N-channel transistor, has a first conduction node connected
to the connection area 128 (Vdata) of the microchip, a
second conduction node connected to node al, and a control
node connected to the connection area 127 (Vsel) of the
microchip. Microchip 100 further comprises an insulated
conductive via 129 connecting the electric connection area
125 (Vn) of the microchip to the cathode contact terminal
116 of LED 110.

[0049] Elementary microchip 100 operates as follows dur-
ing a phase of updating the luminosity level of the pixel.
Transistor 123 is turned on (made conductive) by the appli-
cation of an adapted control signal to terminal 127 (Vsel).
Capacitive element 124 then charges to a voltage level
which is a function of the adjustment signal applied to
terminal 128 (Vdata) of the microchip. The level of adjust-
ment signal Vdata sets the potential of node al and, accord-
ingly, the intensity of the current injected into the LED by
transistor 122, and thus the light intensity emitted by the
LED. Transistor 123 can then be turned back off. Node al
then remains at a potential substantially equal to potential
Vdata. Thus, the current injected into the LED remains
substantially constant after the turning back off of transistor
123, and this, until the next update of the potential of node
al.

[0050] Transfer substrate 150 for example comprises a
support plate or sheet 151 made of an insulating material,
having electric connection elements, for example, conduc-
tive tracks and areas, arranged thereon. Transfer substrate
150 is for example a passive substrate, that is, it only
comprises electric connection elements for conveying the
microchip control and power supply signals. Transfer sub-
strate 150 comprises a connection surface, its upper surface
in the shown example, intended to receive microchips 100.
For each microchip of the display device, transfer substrate
150 comprises, on its connection surface, a plurality of
electric connection areas (one per electric connection area of
the microchip) intended to be respectively connected to the
electric connection areas of the microchip. Thus, in the
present example, for each microchip 100 of the display
device, transfer substrate 150 comprises four electric con-
nection areas 155, 156, 157, and 158 intended to be respec-
tively connected to electric connection areas 125, 126 127,
and 128 of microchip 100, to convey control signals Vn, Vp,
Vsel, and Vdata of the microchip. The electric connection
areas 155, 156, 157, and 158 of the transfer substrate are for
example made of the same conductive material as the
electric connection areas 125, 126, 127, and 128 of the
microchips, for example, copper, gold, or titanium.

[0051] During the transfer of microchip 100 onto transfer
substrate 150, the connection surface of the microchip is
placed in contact with the connection surface of the transfer
substrate to electrically connect the electric connection areas
125, 126, 127, and 128 of the microchip respectively to the
corresponding electric connection areas 155, 156, 157, and
158 of the transfer substrate. The affixing of microchip 100
to the transfer substrate is performed by direct bonding, that
is, with no added adhesive or solder material at the interface
between the microchip and the substrate, for example, at
ambient temperature and pressure. To achieve this, the
electric connection areas of the microchip and of the transfer
substrate may have been previously prepared to obtain a
sufficient planeness, for example, a roughness lower than 1
nm, to achieve a direct bonding of areas 125, respectively
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126, respectively 127, respectively 128, on areas 155,
respectively 156, respectively 157, respectively 158. An
anneal may possibly be provided after the bonding, for
example, at a temperature in the range from 150 to 250° C.,
to increase the strength of the bonding.

[0052] As indicated hereabove, a difficulty of such a
method is the alignment of the electric connection areas of
the microchip with the corresponding electric connection
areas of the transfer substrate to obtain a good electric
connection between the microchip and the transfer substrate.
[0053] Indeed, the microchips for example have, in top
view, a maximum dimensions smaller than or equal to 100
um, for example, smaller than or equal to 50 um, for
example, in the order of 10 um. Each microchip comprising
a plurality of electric connection areas (four in the example
of FIG. 1), the microchip alignment should be very accurate,
for example, with an accuracy better than to within 1 pm.
[0054] FIG. 2 is a cross-section view schematically and
partially illustrating a step of transferring a microchip 200
onto a transfer substrate 250, according to an embodiment of
a method of manufacturing an emissive display device
comprising LEDs. FIG. 2 more particularly shows micro-
chip 200 and transfer substrate 250 before the actual step of
affixing the microchip onto the transfer substrate.

[0055] Microchip 200 and transfer substrate 250 of FIG. 2
comprise elements common with microchip 100 and transfer
substrate 150 of FIG. 1. Hereafter, only the differences
between the embodiment of FIG. 2 and the example of FIG.
1 will be detailed.

[0056] Microchip 200 of FIG. 2 comprises the same
elements as microchip 100 of FIG. 1, arranged substantially
in the same way, and differs from microchip 100 of FIG. 1
mainly in that it further comprises, in the vicinity of its
connection surface, that is, closer to its connection surface
than to its opposite surface, a pad 202 made of a ferromag-
netic material, for example, of a nickel-iron alloy.

[0057] In the example of FIG. 2, pad 202 emerges on the
side of the connection surface of the microchip.

[0058] Further, in the present example, the connection
surface of microchip 200 is substantially planar, that is, the
electric connection areas 125, 126, 127, and 128 and the
ferromagnetic pad 202 of the microchip are flush with the
lower surface of a substantially planar insulating layer 203
for passivating the microchip. As an example, the electric
connection areas 125, 126, 127, and 128 and the ferromag-
netic pad 202 of the microchip are formed according to a
damascene-type method, comprising a step of depositing
insulating passivation layer 203 over the entire lower surface
of the microchip, followed by a step of etching cavities
intended to receive electric connection areas 125, 126, 127,
and 128 and pad 202 on the lower surface side of the
microchip, followed by a step of filling the cavities with a
conductive material to form the electric connection areas
and with a ferromagnetic material to form pad 202, followed
by a step of chem.-mech. polishing to planarize the lower
surface of the chip to place at a same level the lower surfaces
of electric connection areas 125, 126, 127, and 128 and of
pad 202, and the lower surface of passivation layer 203.
[0059] As an example, the electric connection areas 125,
126, 127, and 128 of microchip 200 are made of the same
material as ferromagnetic pad 202, which simplifies the
microchip manufacturing method.

[0060] The transfer substrate 250 of FIG. 2 comprises the
same elements as the transfer substrate 150 of FIG. 1 and
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differs from the transfer substrate 150 of FIG. 1 mainly in
that it further comprises, in the vicinity of its connection
surface, that is, closer to its connection surface than to its
opposite surface, for each microchip 200 of the display
device, in addition to the connection areas 155, 156, 157,
and 158 intended to be connected to the connection areas
125, 126, 127, and 128 of the microchip, a permanent
magnet 252 forming a pad having, in front view, substan-
tially the same general shape and the same dimensions as the
ferromagnetic pad 202 of the microchip.

[0061] The positioning of pad 252 relative to the electric
connection areas 155, 156, 157 and 158 of the transfer
substrate is substantially identical to the positioning of pad
202 relative to the electric connection areas 125, 126, 127,
and 128 of the microchip. In other words, when the electric
connection areas 125, 126, 127, and 128 of the microchip are
aligned respectively vertically in line with the electric con-
nection areas 155, 156, 157, and 158 of the transfer sub-
strate, the ferromagnetic pad 202 of the microchip is located
vertically in line with the permanent magnet 252 of the
transfer substrate.

[0062] In the example of FIG. 2, magnet pad 252 emerges
on the side of the connection area of the transfer substrate.

[0063] Further, in the present example, the connection
surface of the transfer substrate is substantially planar, that
is, the electric connection areas 155, 156, 157, and 158 and
the magnet pad 252 of the transfer substrate are flush with
the level of the upper surface of a substantially insulating
layer 253 for passivating the transfer substrate. As an
example, the electric connection areas 155, 156, 157, and
158 and the magnet pad 252 of the transfer substrate are
formed according to a damascene-type method, comprising
a step of depositing insulating passivation layer 253 over the
entire upper surface of the transfer substrate, followed by a
step of etching cavities intended to receive electric connec-
tion areas 155, 156, 157, and 158 and pad 252 on the upper
surface side of the transfer substrate, followed by a step of
filling the cavities with a conductive material to form the
electric connection areas and with a permanent magnet
material to form pad 252, followed by a step of chem.-mech.
polishing to planarize the upper surface of the substrate to
place at a same level the upper surfaces of electric connec-
tion areas 155, 156, 157, and 158 and of pad 252, and the
upper surface of passivation layer 253.

[0064] As an example, magnet pad 252 is formed of a
stack of a plurality of metal layers, for example, a stack of
an antiferromagnetic layer, for example, made of an alloy of
platinum-manganese, iridium manganese, or iron-manga-
nese, and of a ferromagnetic layer, for example, made of an
alloy of iron-cobalt, iron-cobalt-boron, or nickel-iron, in
contact with the antiferromagnetic layer. As a variation, the
magnet pad may be formed by an alternation of a plurality
of antiferromagnetic layers or of a plurality of alternated
ferromagnetic layers. The stack may further comprise a
lower seed layer, for example, made of tantalum, or of a
ruthenium-tantalum alloy, and an upper protection layer, for
example, made of tantalum. Each layer of the magnet pad for
example has a thickness in the range from 5 to 100 nm. The
layers of the magnet pad may for example be deposited by
physical vapor deposition (PVD). After deposition and etch-
ing at the desired dimensions, an anneal of the magnet pad
may be provided, for example, at a temperature in the range
from 150 to 400° C., for example, under a magnetic field in
the range from 0.1 to 2 T.
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[0065]
of:
[0066] 25 successive repetitions of a stack of a tantalum
layer having a 5-nm thickness, of a Pt50Mn50 alloy
layer having a 7-nm thickness, of a Fe20Co80 alloy
layer having a 20-nm thickness, and of a Pt50Mn50
alloy layer having a 7-nm thickness; and
[0067] an upper tantalum protection layer having a
10-nm thickness.

As an example, the magnet pad is formed of a stack

[0068] As a variation, the magnet pad is formed of a stack
of:
[0069] a tantalum layer having a 5-nm thickness;
[0070] a copper layer having a 2-nm thickness;
[0071] 30 successive repetitions of a stack of a layer of

a [r20Mn80 alloy having a 7-nm thickness and of a
layer of a Fe65C035 alloy having a 25-nm thickness;
[0072] a layer of a Ir20Mn80 alloy having a 7-nm
thickness; and
[0073] a tantalum layer having a 10-nm thickness.

[0074] In front view, magnet pad 252 and ferromagnetic
pad 202 for example each have a generally square, rectan-
gular, or circular shape, with a maximum dimension in the
range from 0.5 to 100 um. Pads 202 and 252 preferably have,
in front view, a maximum dimension of the same order of
magnitude as the desired alignment accuracy, for example,
a maximum dimension in the range from 0.5 to 5 um, for
example, in the order of from 1 to 2 pm.
[0075] During the actual transfer step, microchip 200 is
brought opposite transfer substrate 250, with its connection
surface facing the connection surface of the transfer sub-
strate. More particularly, the electric connection areas 125,
126, 127, and 128 of the microchip are positioned approxi-
mately vertically in line with the corresponding electric
connection areas 155, 156, 157, and 158 of the transfer
substrate, without however for the connection surface of the
microchip to be placed in contact with the connections
surface of the transfer substrate. The microchip is then
released, that, made free to displace, particularly laterally,
with respect to the transfer substrate. At this time, the
magnetic force between the ferromagnetic pad 202 of the
microchip and the corresponding magnet pad 252 of the
transfer substrate results in bonding the connection surface
of the microchip to the connection surface of the transfer
substrate, by accurately aligning ferromagnetic pad 202 with
magnet pad 252, and thus the electric connection areas of the
microchip with the corresponding electric connection areas
of the transfer substrate.
[0076] It should be noted that the self-alignment of the
microchip on the transfer substrate is essentially performed
before the connection surface of the microchip comes into
contact with the connection surface of the transfer substrate.
Indeed, once the connection surfaces of the microchip and of
the transfer substrate have been placed into contact, a direct
bonding is immediately obtained between the two connec-
tion surfaces, preventing any displacement of the microchip
relative to the transfer substrate. To avoid too fast a direct
bonding of the microchip to the transfer substrate, and thus
increase the duration available for the self-alignment of the
microchip on the transfer substrate, a liquid may possibly be
arranged at the interface between the microchip and the
transfer substrate during the transfer.
[0077] Once the alignment of microchip 200 with the
transfer substrate has been performed with the assistance of
ferromagnetic pad 202 and of magnet pad 252, and the direct
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bonding of the microchip to substrate 250 has been obtained,
an anneal may possibly be provided, for example, at a
temperature in the range from 150 to 250° C., to increase the
bonding energy and improve the electric connection
between the connection areas 125, 126, 127, and 128 of the
microchip and the connection areas 155, 156, 157, and 158
of the transfer substrate.

[0078] FIG. 3 is a cross-section view schematically and
partially showing an alternative embodiment of the transfer
method of FIG. 2. As in the example of FIG. 2, FIG. 3 shows
microchip 200 and transfer substrate 250 before the actual
step of bonding the microchip to the transfer substrate.

[0079] The microchip of FIG. 3 comprises the same ele-
ments as the microchip of FIG. 2, arranged substantially in
the same way.

[0080] The transfer substrate of FIG. 3 comprises the same
elements as the transfer substrate of FIG. 2, and differs from
the transfer substrate of FIG. 2 mainly in that, in the example
of FIG. 3, the electric connection areas 155, 156, 157, and
158 and the magnet pad 252 of the transfer substrate form
protrusions jutting out of the connection surface of the
substrate. Thus, conversely to the transfer substrate of FIG.
2 having a substantially planar connection surface, the
transfer substrate of FIG. 3 has a structured connection
surface. More particularly, in the shown example, the pro-
trusions formed by electric connection areas 155, 156, 157,
and 158 and magnet pad 252 have a mesa or plate shape.

[0081] In practice, as will be explained in further detail
hereafter in relation with FIGS. 5A to 5C, on transfer of
microchips 200 onto substrate 250, a plurality of microchips
arranged on a same support substrate (not shown in FIG. 3),
with a pitch between chips smaller than the pitch between
chips of the final device, may be brought opposite the
transfer substrate. Only part of the microchips is then
transferred from the support substrate to the transfer sub-
strate, at the pitch of the transfer substrate, the other micro-
chips remaining on the support substrate to be subsequently
transferred either to another region of the transfer substrate
or on another transfer substrate.

[0082] An advantage of the variation of FIG. 3 is that the
protruding shape of the electric connection areas 155, 156,
157 and 158 and of the magnet pad 252 of the transfer
substrate enables for only the microchips transferred from
the support substrate to the transfer substrate to be placed in
contact with the connection surface of the transfer substrate.
This particularly enables to avoid damaging the connection
surface of the microchips intended to remain on the support
substrate.

[0083] In another variation, only electric connection areas
155, 156, 157 and 158 form protrusions jutting out of the
connection surface of transfer substrate 250, magnet 252
being flush with the upper surface of passivation layer 253
as described hereabove in relation with FIG. 2, or being
buried under the connection surface of the transfer substrate
as described hereafter in relation with FIG. 4.

[0084] FIG. 4 is a cross-section view schematically and
partially showing another alternative embodiment of the
transfer method of FIG. 2. As in the example of FIG. 2, FIG.
4 shows microchip 200 and transfer substrate 250 before the
actual step of affixing the microchip to the transfer substrate.
[0085] The microchip of FIG. 4 comprises the same ele-
ments as the microchip of FIG. 2, and differs from the
microchip of FIG. 2 in that, in the microchip of FIG. 4,
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ferromagnetic pad 202 is not flush with the connection
surface of the microchip, but is buried under the connection
surface of the microchip.

[0086] Similarly, the transfer substrate of FIG. 4 com-
prises the same elements as the transfer substrate of FIG. 2,
and differs from the transfer substrate of FIG. 2 in that, in the
transfer substrate of FIG. 4, magnet pad 252 is not flush with
the connection surface of the substrate but is buried under
the connection surface of the substrate.

[0087] As a variation, only one of pads 202 and 252 is
buried, the other pad being flush with the external surface of
the passivation layer coating the connection surface.
[0088] In another variation, the ferromagnetic pad 202 of
the microchip is buried, and the magnet pad 252 of the
transfer substrate protrudes from the connection surface of
the transfer substrate, as described in relation with FIG. 3.
[0089] FIGS. 5A, 5B, and 5C are cross-section views
illustrating steps of an embodiment of a method of manu-
facturing an emissive display device comprising LEDs.
[0090] FIG. 5A illustrates a step during which, after hav-
ing separately formed microchips 200 on a support substrate
401, and transfer substrate 250, microchips 200 are posi-
tioned approximately opposite the corresponding transfer
areas of substrate 250, with the connection surfaces of the
microchips facing the connection surface of substrate 250,
using support substrate 401 as a handle.

[0091] As an example, the method of manufacturing
microchips 200 is a method of the type described in above-
mentioned French patent application No. 1561421, compris-
ing:

[0092] the forming of an array of identical or similar
elementary control circuits 120, inside and on top of a
silicon substrate;

[0093] the separate forming, on an adapted growth sub-
strate, for example, made of sapphire, of a corresponding
array of identical or similar elementary LEDs 110;

[0094] the transfer, onto each other, of the array of control
circuits 120 and of LED array 110, the two arrays being
solidly attached to each other, for example, by direct het-
erogeneous bonding;

[0095] the removal of the growth substrate of the LEDs
and its replacement with a support substrate, corresponding
to substrate 401 of FIG. 5A, affixed by so-called temporary
bonding, having a lower bonding energy than the initial
bond between the microchips and the growth substrate of the
LEDs, to ease a subsequent microchip collection step; and
[0096] the individualization of each microchip 200 by
etching around it a trench vertically extending from the
connection surface of the microchip to substrate 401, to
obtain an array of individualized microchips affixed to
support substrate 401 by their LEDs, as shown in FIG. SA.
[0097] As a variation, the step of replacing the LED
growth substrate by a different support substrate may be
omitted, in which case substrate 401 of FIG. 5A is the LED
growth substrate. In this case, the bonding between substrate
401 and LEDs 110 may possibly be weakened, by means of
a laser beam projected through substrate 401 from its back
side, that is, its surface opposite to microchips 200.

[0098] Inanother variation, the stack of the semiconductor
layers forming the LEDs may be placed on the array of
elementary control circuits 120 before the individualization
of elementary LEDs 110. The LED growth substrate is then
removed to allow the individualization of LEDs 110, after
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which support substrate 401 may be bonded to the surface of
LEDs 110 opposite to control circuits 120.

[0099] For simplification, a single electric connection area
125 per microchip has been shown in FIGS. 5A to 5C, as
well as in the next drawings (up to FIG. 9). In practice, as
previously indicated, each microchip comprises a plurality
of electric connection areas on its connection surface. Fur-
ther, still to simplify the drawings, microchips 200 have not
been detailed in FIGS. 5A to 5C and the following. Only
ferromagnetic pad 202 is shown in addition to electric
connection area 125.

[0100] Similarly, transfer substrate 250 has not been
detailed in FIGS. 5A to 5C and the following. For each
reception area of a microchip, only magnet pad 252 and a
single electric connection area 155 are shown.

[0101] The microchips 200 affixed to support substrate
401 by their LEDs are brought opposite corresponding
reception areas of transfer substrate 250, with their connec-
tion surfaces facing the connection surface of substrate 250.
[0102] Support substrate 401 is then released, that is, left
free to move, particularly laterally, with respect to transfer
substrate 250.

[0103] At this stage, the magnetic force exerted between
ferromagnetic pad 202 of each microchip and the corre-
sponding magnet pad 252 of the transfer substrate enables to
accurately align the electric connection areas of the micro-
chip with the corresponding electric connection areas of the
transfer substrate.

[0104] It should be noted that the fact of simultaneously
transferring a plurality of microchips 200 onto substrate 250
enables to benefit from a higher alignment restoring force
than if a single chip was transferred, since the magnetic
forces exerted by the ferromagnetic pad/magnet pad pairs
associated with the different transferred microchips add.
[0105] Microchips 200 are then affixed to transfer sub-
strate 250 by direct bonding of the electric connection areas
of the microchips onto the corresponding electric connection
areas of the transfer substrate.

[0106] Microchips 200 are then separated from support
substrate 401, and the latter is removed.

[0107] In practice, pitch p,,, of the microchips on sub-
strate 401, for example, in the range from 10 to 50 um, may
be smaller than pitch p,s, of the final device after their
placing on substrate 250, for example, in the range from 15
pm to 1 mm, for example, in the range from 100 to 500 pm.
[0108] Inthe example described in relation with FIGS. 5A
to 5C, as well as in the examples of the next drawings, pitch
Psso of the microchips 200 on transfer substrate 250 is a
multiple of pitch p,q, of the microchips on support substrate
401. Thus, it is provided to only place part of microchips 200
of substrate 401 on substrate 250, at the pitch of transfer
substrate 250 (that is, one chip out of n, with n=p,5¢/p4o1)s
and then, if need be, to shift substrate 401 with the remaining
microchips to place another part of microchips 200 of
substrate 401 on substrate 250, and so on until all the
microchips of the display device have been affixed to
transfer substrate 250.

[0109] For each iteration, once the alignment of micro-
chips 200 with the transfer substrate has been performed
with the assistance of the ferromagnetic pad 202/magnet pad
252 pairs (FIG. 5B), microchips 200 are selectively sepa-
rated from support substrate 401. Support substrate 401 and
the remaining microchips 200 are then removed, as illus-
trated in FIG. 5C.
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[0110] To selectively separate microchips 200 from sup-
port substrate 401, a light bonding between support substrate
401 and microchips 200 may be provided, so that only the
microchips 200 aligned with the corresponding connection
areas of transfer substrate 250 are torn off during the
removal of support substrate 401, under the effect of the
magnetic force exerted between ferromagnetic pad 202 and
magnet pad 252 or under the effect of the direct bonding
force between the microchip and the transfer substrate. As an
example, microchips 200 are bonded to support substrate
401 by means of a polymer of type C4F8, TEFLON, or
OPTOOL DSX, or by any other adhesive providing a
bonding energy between microchips 200 and support sub-
strate 401 smaller than the bonding energy between micro-
chips 200 and transfer substrate 250.

[0111] As a variation, in the case where support substrate
401 is transparent, the bonding of microchips 200 to support
substrate 401 may be achieved by a resin capable of being
degraded by an ultraviolet radiation, for example, a resin of
BREWER 305 type. A local laser illumination of the resin
may then be performed through substrate 401, to selectively
separate part of microchips 200.

[0112] In the case where support substrate 401 is the
growth substrate of LEDs 110, the latter may have a rela-
tively strong adherence to microchips 200. In this case, a
method of selective separation by means of a local laser
beam projected through substrate 401, for example, a
method of the type described in patent application U.S. Pat.
No. 6,071,795, may be used. For example, in the case of a
sapphire growth substrate 401 and of gallium nitride LEDs,
a 458-nm laser may be used, with an optical power in the
range from 10 mW/mm? to 10 W/mm? and an exposure time
in the range from 1 second to 1 minute for each chip to be
separated. After the exposure to the laser, liquid gallium is
present at the interface between the LED and the sapphire.
The microchip then is held by capillarity on substrate 401,
until it is transferred onto substrate 250.

[0113] It should be noted that, to increase the bonding
force between microchips 200 and transfer substrate 250,
and thus ease the separation from support substrate 401, an
anneal aiming at increasing the bonding energy between the
microchips and the transfer substrate, for example, at a
temperature in the range from 150 to 250° C., may be
performed before removing substrate 401 (FIG. 5C).
[0114] FIG. 6 is a cross-section view illustrating an alter-
native embodiment of the method of FIGS. 5A to 5C.
[0115] The method of FIG. 6 differs from the method of
FIGS. 5A to 5C mainly in that, in the method of FIG. 6,
support substrate 401 of FIGS. 5A to 5C is replaced with a
support substrate 501 comprising at least one through open-
ing 503 opposite each microchip 200. The provision of
through openings 503 enables to ease the selective separa-
tion of microchips 200 when they are transferred onto
substrate 250. As an example, microchips 200 are main-
tained bonded to substrate 501 by an adhesive, and a
compressed air flow is locally injected into the openings 503
located opposite the microchips to be detached, to obtain
their separation. As a variation, microneedles may be used to
selectively push the microchips to be detached through the
corresponding openings 503. As a variation, the microchips
are maintained bonded to substrate 501 by sucking in
through openings 503, after which the sucking is locally
interrupted opposite the microchips to be detached, to obtain
their separation.
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[0116] FIGS. 7A to 7D are cross-section views illustrating
steps of another embodiment of a method of manufacturing
an emissive display device comprising LEDs.

[0117] FIG. 7A illustrates a step during which, after micro-
chips 200 have been formed on a first support substrate 401
identically or similarly to what has been previously
described in relation with FIG. 5A, microchips 200 are
transferred from substrate 401 onto a second support sub-
strate 601, with no pitch change. For this purpose, micro-
chips 200 are arranged on substrate 601, using substrate 401
as a handle. Microchips 200 are placed into contact, by their
connection surfaces, that is, their surfaces opposite to LEDs
110, with a surface of substrate 601. A temporary bonding by
means of an adhesive layer may be provided between the
connection surface of the microchips and substrate 601. As
a variation, microchips 601 are simply laid on the upper
surface of substrate 601. Initial support substrate 401 is then
removed.

[0118] FIG. 7B illustrates a step subsequent to the removal
of initial support substrate 401, during which microchips
200 are transferred from second support substrate 601 to the
upper surface of a third support substrate 603, still keeping
the initial pitch. In the case where microchips 200 are
bonded to temporary support substrate 601 by an adhesive
layer, the microchips may be placed on the upper surface of
substrate 603 by using substrate 601 as a handle. In the case
where microchips 200 are simply laid on the upper surface
of temporary support substrate 601, substrate 603 may be
laid on the upper surface of microchips 200, that is, on the
side of LEDs 110, after which the assembly comprising
substrate 601, microchips 200, and substrate 603 is flipped
so that microchips 200 are on the upper surface side of
substrate 603. Temporary support substrate 601 is then
removed.

[0119] FIG. 7C illustrates a step subsequent to the removal
of substrate 601. At this stage, microchips 200 are simply
laid (and not bonded) on the upper surface of support
substrate 603, the connection surfaces of the microchips
facing upwards, that is, opposite substrate 603.

[0120] The transfer substrate 250 on which microchips
200 are desired to be affixed is then positioned above
substrate 603 and microchips 200, with its connection sur-
face facing the connection surfaces of the microchips.
Microchips 200, laid on support substrate 603, are brought
opposite the corresponding reception areas of transfer sub-
strate 250.

[0121] The magnetic force exerted by the magnet pads 252
of'the transfer substrate on the ferromagnetic pads 202 of the
microchips attracts microchips 200 (which are free to move
with respect to substrate 603 due to the lack of bonding
between the microchips and substrate 603) and results in
accurately self-aligning the connection areas of each micro-
chip with the corresponding electric connection areas of the
transfer substrate. Microchips 200 are then affixed to transfer
substrate 250 by direction bonding.

[0122] Transfer substrate 603 and the remaining micro-
chips 200 may then be removed as illustrated in FIG. 7D.

[0123] FIGS. 8Ato 8D are cross-section views illustrating
steps of another embodiment of a method of manufacturing
an emissive display device comprising LEDs.

[0124] The method of FIGS. 8A to 8D is similar to the
method of FIGS. 7A to 7D, and differs from the method of
FIGS. 7A to 7D mainly in that, in the method of FIGS. 8A
to 8D, support substrates 601 and 603 of the method of
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FIGS. 7A to 7D are replaced with substrates 701 and 703,
respectively. Substrates 701 and 703 differ from substrates
601 and 603 in that they each comprise, on the side of their
surface intended to receive microchips 200, cavities 702 (for
substrate 701), respectively 704 (for substrate 703), intended
to receive microchips 200.

[0125] More particularly, when microchips 200 are trans-
ferred from initial support substrate 401 onto substrate 701
(FIG. 8A), each microchip 200 is arranged in a cavity 702
of substrate 701, and is separated from the other microchips
200 transferred onto substrate 701 by the lateral walls of
cavity 702. In other words, the pitch of cavities 702 of
substrate 701 is substantially identical to the pitch of micro-
chips 200 on substrate 401. Similarly to what has been
described in relation with FIGS. 7A to 7D, microchips 200
may be affixed to temporary support substrate 701 by an
adhesive layer, or may be simply laid on substrate 701.
Initial support substrate 401 is then removed.

[0126] Further, when microchips 200 are transferred from
temporary support substrate 701 onto support substrate 703
(FIG. 8B), each microchip 200 is arranged in a cavity 704 of
substrate 703, and is separated from the other microchips
200 by the lateral walls of cavity 704. In other words, the
pitch of cavities 704 of substrate 703 is substantially iden-
tical to the pitch of microchips 200 on initial substrate 401.
Similarly to what has been described in relation with FIGS.
7A to 7D, microchips 200 are simply laid on support
substrate 703.

[0127] The other steps of the method are identical or
similar to what has been previously described in relation
with FIGS. 7A to 7D.

[0128] An advantage of the variation of FIGS. 8A to 8D is
that it eases the handling of support substrate 701 and/or 703
once the latter have been loaded with microchips 200, due
to the lateral holding of the microchips obtained by the
provision of cavities 702, 704.

[0129] FIG. 9 is a cross-section view illustrating an alter-
native embodiment of the method of FIGS. 8A to 8D.

[0130] FIG. 9 more particularly illustrates a final step of
the method, corresponding to the step of FIG. 8D.

[0131] In the variation of FIG. 9, support substrate 703 of
the method of FIGS. 8A to 8D is replaced with a support
substrate 803. Substrate 803 comprises cavities 804 for
holding microchips 200, arranged with a pitch substantially
equal to the pitch of the microchips on initial support
substrate 401. Substrate 803 of the method of FIG. 9 differs
from substrate 703 of the method of FIGS. 8A to 8D mainly
in that the bottom of each cavity 804 of substrate 803 is
non-planar. In other words, conversely to substrate 703
where the entire surface of a microchip 200 opposite to the
connection surface of the microchip is in contact with the
bottom of a cavity 704 of the substrate, in the example of
FIG. 9, for each microchip 200, a portion only of the surface
of the microchip opposite to its connection surface is in
contact with the bottom of cavity 804 having the microchip
arranged therein. This enables to prevent an unwanted
bonding of microchips 200 to the bottom of the cavities of
substrate 803, and thus to ease the collection of the micro-
chips by transfer substrate 250 during the self-assembly
step.

[0132] As an example, the bottom of each cavity 804 of
substrate 803 may have a hollow shape, for example, the
shape of a groove portion with a triangular cross-section.
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More generally, any other non-planar shape capable of
obtaining the desired anti-bonding effect may be used, for
example, a bulged shape.

[0133] FIGS. 10A to 10E are cross-section view illustrat-
ing steps of an embodiment of microchips 200 of the type
described in relation with FIG. 4, that is, each comprising a
planar connection surface with electric connection areas
flush with the connection surface of the microchip, and a
ferromagnetic pad buried under the connection surface of
the microchip.

[0134] In the example of FIGS. 10A to 10E, only two
electric connection areas 125 and 126 are shown in each
microchip 200. In practice the number of electric connection
areas per microchip may be greater than two.

[0135] FIG. 10A illustrates a step during which it is started
from an assembly comprising a support substrate 900 and,
on the upper surface of support substrate 900, a stack 902 of
semiconductor, conductive, and insulating layers, having the
different microchip components formed therein, and particu-
larly LEDs 110 and control circuits 120 (not detailed in
FIGS. 10A to 10E). As an example, substrate 900 is the LED
growth substrate, and each microchip comprises a LED 110
in a lower portion in contact with the upper surface of
substrate 900, and a control circuit 120 in an upper portion
in contact with the upper surface of LED 110.

[0136] At the step of FIG. 10A, microchips 200 have not
been individualized yet. Broken lines represent the lateral
edges of each microchip 200. Sawing paths 904 separate
microchips 200 from one another.

[0137] At this step, the upper surface of stack 902 com-
prises, for each microchip 200, two electric connection areas
125' and 126', intended to be respectively connected to the
areas of connection to the outside 125 and 126 of the
microchip, which have not been formed yet.

[0138] FIG. 10B illustrates a step of deposition of an
insulating layer 906, for example an oxide layer, over the
entire upper surface of the structure of FIG. 10A.

[0139] FIG. 10B further illustrates a step of forming of
ferromagnetic pads 202 on the upper surface of insulating
layer 906. As an example, the ferromagnetic material is first
deposited over the entire upper surface of layer 906, and
then etched to only keep one pad 202 per microchip 200.
[0140] FIG. 10C illustrates a step of deposition of an
insulating layer 908, for example, an oxide layer, over the
entire upper surface of the structure of FIG. 10B, that is, over
the upper surface of layer 906 and over the upper surface of
ferromagnetic pads 202. The thickness of insulating layer
908 is preferably greater than the thickness of ferromagnetic
pads 202.

[0141] FIG. 10C further illustrates a step of forming of
openings 910 crossing insulating layers 908 and 906 oppo-
site the electric connection areas 125' and 126' of each
microchip 200. Openings 910 are formed by etching from
the upper surface of layer 908, and emerge onto the upper
surface of electric connection areas 125, respectively 126'.
[0142] FIG. 10D illustrates a step of filling of openings
910 with a conductive material, for example, metal, to form
the electric connection areas 125 and 126 of microchips 200.
As an example, the conductive material is deposited over the
entire upper surface of the structure of FIG. 10C, across a
thickness at least equal to that of openings 910 to fill
openings 910. A step of chem.-mech. polishing is then
implemented to planarize the upper surface of the structure
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to place at a same level electric connection areas 125 and
126 and upper insulating layer 908.
[0143] FIG. 10E illustrates a step of individualization of
the microchips subsequent to the forming of electric con-
nection areas 125 and 126. During this step, the stack
comprising insulating layers 908 and 906 and stack 902 is
removed, in sawing paths 904, from the upper surface of
layer 908 to the upper surface of support substrate 900. A
plurality of microchips 200 rigidly attached to substrate 900
is thus obtained, each microchip being coupled to substrate
900 by its surface opposite to its connection surface.
[0144] Specific embodiments have been described. Vari-
ous alterations, modifications, and improvements will occur
to those skilled in the art. In particular, the described
embodiments are not limited to the specific examples of
dimensions and of materials mentioned in the description.
[0145] Further, although only embodiments where each
microchip comprises a ferromagnetic pad and each corre-
sponding reception area of the transfer substrate comprises
a magnet pad have been described, one may as a variation
arrange the magnet pads in the microchips and the ferro-
magnetic pads in the transfer substrate.
[0146] As a variation, the ferromagnetic pads are replaced
with magnet pads, that is, each microchip comprises a
magnet pad and each corresponding reception area also
comprises a magnet pad.
[0147] It should further be noted that the pads of the
microchip and the corresponding pads of the transfer sub-
strate may have different dimensions and/or shapes.
[0148] Further, to further increase the alignment accuracy,
a plurality of ferromagnetic pads or a plurality of magnet
pads per microchip and a plurality of corresponding magnet
pads or a plurality of corresponding ferromagnetic pads per
reception area of the transfer substrate may be provided, and
the dimensions and/or shapes of the different pads may be
different.
[0149] Further, although only embodiments where the
microchips transferred onto the transfer substrate each com-
prise a LED and a circuit for controlling the LED have been
described, the described embodiments are not limited to this
specific case. As a variation, each microchip may comprise
a plurality of LEDs and a circuit for controlling the plurality
of LEDs. Further, in another variation, each microchip may
comprise one or a plurality of LEDs only, with no control
circuit, the LED(s) of the microchip being then controlled by
circuits external to the microchip, for example arranged at
the periphery of the transfer substrate.
[0150] It should further be noted that the described meth-
ods may be applied to other fields than to the forming of
emissive display devices comprising LEDs. More generally,
the described methods apply to the forming of any electronic
device comprising a plurality of microchips transferred onto
a transfer substrate, where the microchips are affixed and
electrically connected to the transfer substrate by direct
bonding, and where each microchip comprises at least two
electric connection areas on its surface of connection to the
transfer substrate.
1. A method of manufacturing an electronic device, com-
prising the steps of:
a) forming a plurality of chips, each comprising:
a plurality of electric connection areas arranged on a
connection surface of the chip, and
at least one first pad arranged in the vicinity of the chip
connection surface;
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b) forming a transfer substrate comprising, for each chip:

a plurality of electric connection areas arranged on a
connection surface of the transfer substrate, and

at least one second pad arranged in the vicinity of the
connection surface of the transfer substrate, one of
the first and second pads being a permanent magnet
and the other of the first and second pads being either
a permanent magnet or made of a ferromagnetic
material; and
c¢) affixing the chips to the transfer substrate by direct
bonding to electrically connect the electric connection
areas of each chip to the corresponding electric con-
nection areas of the transfer substrate, by using the
magnetic force between the first and second pads to
align the electric connection areas of the chips with the
corresponding electric connection areas of the transfer
substrate.

2. The method of claim 1, wherein, in each chip, the first
pad emerges on the side of the connection surface of the
microchip.

3. The method of claim 1, wherein, in each chip the first
pad is buried under the connection surface of the chip.

4. The method of claim 1, wherein, in each chip, the
connection surface of the chip is planar, the electric con-
nection areas of the chip being flush with an external surface
of a passivation layer of the chip.

5. The method of claim 1, wherein the second pads
emerge on the side of the connection surface of the transfer
substrate.

6. The method of claim 1, wherein the second pads are
buried under the connection surface of the transfer substrate.
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7. The method of claim 1, wherein, in each chip, the
connection surface of the transfer substrate is planar, the
electric connection areas of the transfer substrate being flush
with an external surface of a passivation layer of the transfer
substrate.
8. The method of claim 1, wherein the electric connection
areas of the transfer substrate protrude from the connection
surface of the transfer substrate.
9. The method of claim 1, wherein:
at the end of step a), the chips are arranged on a support
substrate with a pitch between chips smaller than the
pitch between chips of the final display device; and

at step c), a plurality of chips are selectively separated
from the support substrate at the pitch of the final
display device and affixed to the transfer substrate at
this same pitch.

10. The method of claim 9, wherein:

at the end of step a), the chips are only laid, with no

bonding, on the support substrate; and

at step c¢), the transfer substrate is brought above the chips,

with its connection surface facing the connection sur-
faces of the chips, to simultaneously collect a plurality
of chips at the pitch of the final display device.

11. The method of claim 10, wherein the support substrate
comprises cavities having the chips arranged therein so that
the chips are laterally held by the cavity walls.

12. The method of claim 11, wherein the bottom of each
cavity of the support substrate is non-planar.

13. The method of claim 1, wherein each chip comprises
a stack of a LED and of an active circuit for controlling the
LED.

14. An emissive display device comprising LEDs formed
by the method of claim 1.
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